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ELECTROEYIPAULIC EFFECT

This drochure gives a shart descriptice of the rhencmens eccorpenying & |
high-voltage digcharge in 8 Mquid. Thals phemomenocn {called Wie "electzoe |
hydrsuiic effect™ by the suthor) comsists of the fuct that, m:‘mu
- ‘shaped electric pulse discharge 1o produced fmside o liguid, extremsly high
| pressures erise in the peighborhosd of ihe m@. Tagse kigh Tressures
can bo used mrmy rcr Meal PapOBes. |
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REFACE

!&eaq'mpeciauy ghsoed high-voltage eleciric pulgse discharge 13 prodmwed
inside 5 1iquid, extremely high pressures sve forzed fn the s7e of the dscharge.
Teege Bigh pressures msnifent themzelves 'im exirenely different w253, 88 In
pechanical ¢estrtion of oblects In 1Be nelghborkood of the fischarpe, electicon
of liquid, ete,

I% Ms teen m@i& to agbuﬁmm:mzy the existgace of errtain
1ows recarding the #m et resuits of this gok phencmencn, waich we h%e cslled
the "slstirchyl-suiic effect™. ﬁze msﬂ:ﬁiﬂeé cz wsing this m ror :

prectics) purpeses Rave teen aemm ns gmm& fora,

. %mmmammmmwmammnam,

mmmaew,m&mu wmmw condusted, o2 well as

- digeuesices on ns pmamthe \ae.
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Chepter T
Prenozena in a Liguid zear the Zone of Discharge

1. mf: eircults,
Bince 1938, the author has studied rphencmena vhich erise iz iie welgtbastiood of
a high-voliege oyark discherge 1n 3 liguid =adfwm,

In the.ir izitial stage, iheoe stuliss conlive the exigting data that in liquids
vith fon’Conductivity elther such aiwaxgea 2o not take place st all, or they
taie ylace caly in cases vhere the gpark gap is very emsll, In tae iatter cage, the
4tachargas are alvays sccompunted Yy ebtant foresticn of g ad mper.
In dielectsié liquids 8 dlecharge arises mm'éﬁ 15 also wccogenied Wy o
'm@hf@ti@c&maﬁm. ‘
e mhanzmmmcf%‘iz@a @ eb.xga;ta pimn'm e S ot tho o

*

" Qisctiarge produced in the etreult given in Fig, 1 1o practically iosignt™eont for -

" lquite vith tonte cootuctivity end de, elatively sposking, EEEERtRimE:

epprecisble caly in o liguid-dielectric msdiwm.

Fig. 1. Circuit of a set wp for stulying the break-down of liquids.

1- tank with liquid, 2« spark gap. The comnections of the kenotdon are mot shan."
The discharge circuit is indicated by &ei«y line.



In both coplucting and dielectric w s the mechanical acticn i3 determined

by the presswres inside the wapor-gss bubble formed ia the discharge zome, According

to the data in the litersture, the values of these pressures

The hydrenlic pulses produced de e liguid in the examined
ézo@iﬂg frent snd & lepg dwraticn, a2l ave pot very powerful,

The suttar get hizself the task of finding the cenditions wder which the
acticn of hplraulic vaises conlid be greatly iscreased, It is obviozg that the |

ng;ﬁ&ma@mmmmﬁmwmﬁm =

-

contact with the 1iquid end sesd up the some presoures in it, but rather at it -

mmmmwwaimawmm._ Cthy,‘tor'amt&

sctgﬁ of muw @ eb;ecjm,vit:@@@ -
meemtonaam @mmmdw mlmdmaﬁ.mw
end to reduce the anmﬁmorm umam, &xriog @i 1tumumam u
in exmam sz;umzy, 1tm m to incresse the pover ae . .m
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Plg, 2. Clreuit of & seteup with an ed2itional spark gap:
1 - tenk with 1iquid; 2- zaln spavX gep; 3~ sdditicnal spark mps {tae eennections
of the kemoivoo sre not show).
e ﬁrm circult ﬁ‘is. ehmenxﬁ by an eaamm1 mrk m, uade it
mﬁm %Wna mw &a u@mm@ 3w@¢ cmtﬂﬂty, to m-mrmcm N

a2 ertect’ ,mmummxmumw m,rmﬁ_@m.mm S

S © o
— e _ 4,4..i .
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e O -

n&-B- mtdthwemmwﬁ.
1- tank with 1iquid; 2- waln eperk @; 3 sdditioml sprk g p. (Be
£



The other circuits (Fig. 3), which vas mbscquently adepted es the basic
dreuit, contained tvo additicnal epark gaps (which we later called "shapers®)
commected in serles n both sides of the main spark gp. It wes established that,
1f the length of the shaping sperk gepo end {he zais spark gap were chosen suitedly,
this cizrcult made 1t pesgible 4o lncresse 8ilil more the mechenical actlon o the

{ans¥ ey
- discharge apd to tom;/eummm (at, jto the eye) formation of gis exd vapar.

Experiments showed that s further increnze in the mumber of gaps reduced tho

intensity of the slectrobylrauilc effect.

Tuese relanations civeults preserve anl maintaln any dischargs froquency

]

which 15 set by changing e length of the .ammg'm, vith the length of the
s 0 10t comtt, |
- e rem Qr ths;mlse @m iaa'ai.aaemrs's Wmed 1n ome &-ﬁﬁ&m“emma_“,' |
e scnto o o ik 1 s g,
WucMMnaMtwammaummw
0 shocks: &ahuie m:mnc m,a&ﬁna&mﬂm&hﬁmﬂ. m. |
The tc.u'l‘of the beste muc pumsv (or 'exw -mn") w
ettty sitlogu 4 e fam of tha cureet pelnes, . |
| .mmﬁo'm,mcmum,mumuqum
e o e
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greater its brisance. On the contrary, the hmm.t!ze current pulse sud the
| lowver its @um, the greater the duration of the hyfissulic pulse end the
%&k@r\its destructive action will de,

e m&mtm of the *\r‘.vo e2ditionsl, shaping spark gaps ip the elestiric
civeult glves 1% B;:scial properties, shich are reegxﬁ;rax for the esteblishmat of
the elestrobyiraulic effect,

The %ﬂiﬁml shaping gaps moke 1t mssﬁle: 7

i) wacmmmmmm#w; u&z&m %pulee—teamm

main gop;

2) to reduce considersbly the pulze mﬁm, to prevent ihe arleing of ceelllating
::c\ a.? V v

procenses, snd to ohtaln = My aae posxlal, extressly shost puize In each
-cycle{ E

3) wg@n&haémymm, emm&wnmnvdﬁ#c

| h)}hobmni‘lﬁagimi-hma;mwdmmmdﬂnm-ﬂ
wxmmmwmmwm | |
5) zoe;gemfmatmpmummdmmmmﬁ-
mmbymeuwcwdmmammm”;

G)tol:uhhm;mmthm-lmﬂﬁnmmm&ﬁntﬂn

F mlmmmﬂ.mmﬁnmmmm,thwmmm



Yoo emergzy being given off st the main gap,

These exd other edventages of the eircults, i;iz‘sagmzon to 1%z pisplicity, were
factors 1n iis selection., EHowever this provides m .talem for vegarding 1% as the
only sultsble eircuit for preducing the clectrdytrailic effect.

Yhen the mm.lat o2 ave zfjusted through supplementary shap'{ng gapa, teey
cperste s%agﬁs' over & prosd vamge. Whem the shaping geps ere closed, the ligwid

b oteeen 8o p@i:éts of the maln  ga78 pesses the cwrent freely.
I the shaping gy are gredwily ogmea vp, break-dcwns will begia to m

a ia them, elthough mbmk-&mvﬁllaﬁae in the main gg p at first. Te rveascn

for s 1 that the voltage scrces the Bafn gap falls so rapidly that the voltege  °

et palse m are 1n mzzim tor a droskedovn.
o | melmrMtofswhleep&at@ngivww&eiwgﬁofm&wmgw
o b which, m ﬁz@e the mses mitably m prwl:le the vomge sumcieut m-
t@eak-&m‘c:me minrsap.‘ he uper 1imid of Mh oyemti@ m.at thepcant ’
mitu mzcnsez md‘!‘idmt!’emthnemc (mmmmgm “mm
'nns,it 13 @5& tonsuzatomr.;»&e m:@; e pover, sod the
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e 2. Distinctive Features of the Tlectrenpirau’ie Effect
1% sh:0uld be noted that _'té:e electroiireniic effect Aiffers esgentia’ly from
electric spark treatzent of metals, E‘;is.dirfem:c’e lles not cmly In e conpletely
ﬁﬂ‘fefent electrlical eirculis, ‘f"zjmca‘ ﬂrxf-ss#s, szl emerpy Tovszeters, vt also
the fect that, in the clectrohnreviic o effect, the 2ischarge does not lnve 8
direct mechenical ac’a"m on an ohlect; Tut an Mi?eyt oze, atiing m,...,_ the eediun

in which the sterk arises,

. boeo bz b - Co
P 5 of nmetals, the go-to-s=y llmwer {iz the dfrzetion

of the di.s&srge) thermal action of pulse dlscharzes is vsed, m w‘ﬁtm&m #nd

'dnratim belng consideradbly szaller.

| 0n the contrery, the electriydreuite ool 1 Tased oo the Tedtal {xzer;m!icular

' _'*o ihe &irectim of the suacharge} nachenical action or B mm.mgmml ed‘

o R ,‘{)\__-i-% T .
‘e high-m tege ard extzmly short g@em Alscharge m the mrmmg uqum aunm,

) 'me: tra:zmits. m: ‘acf'tion to- the object under treaw.

Thus; 1::. the elnctrobydnunc eﬂ‘ed;, there 18 20 thnml;tnm @ e odlect,
p ) _ : - N~ ‘ . N
while the pechsatcal sction mylmtw * 11quid medtm, without direct
electric cotact, |
J.u.

haimlmtofwuu-q:nﬁﬂm mmxmamem

. ) .v ol t_ - B PR
of elecmcm fhe suthor belleves, aa the tasts of his mmu,

-10=



that the metel melied by & current pulse Is most 1irely elected ty the Torces of the
therzal outburst and by the subsequens cavitation, rather than by electroiyneamic
forces, |

Any liquid'c&zz be used as the zedlum in which the elﬁc&mu_lic effect is
produced, Tas mogt convealeat liquid is iniustrial water. The less compressible
the 1iguid, the higher the resulting yreasure end the greater the brissnce of the
electrehyivauliic pulges will be,

The 1dquid mediw gurrcunding t%:e.&iscwga c?a@ei rreceim ha high presgures ’
r@mitmi@mmmsmmmt-m@muu;mm. o 3

: - 4 : 3

The gmalley _the n\me‘xfo! lsyers eeparating the 1iguld medima frca the dlscharge ’
ciannel and the emallar the total thickness of thede lnyers, the mare rs“giély‘t.he' |
preﬁme; will be transéait“aed »and the !;xi@er theu' mﬂtﬁz viﬁ bé. | ' ‘- '

!me demu' and less wmm&blé ﬂw uqazﬁ W&ns m umrs@mel,
thecloeerthemsmes rmmmumﬂnmmmm inthelplrk
channel. | -

sm&# uw@mwkmﬁuﬂumw (t&uw. |
| for mﬁa,- the eoefndatlcf campression h 0,000048}), s exslalns the

exaxmovs nechanical stresses in eliectrohyiraullc devices. ’

—

Ordisary technical metiods wake 1t possihle to chamge the Jursticn of the pulse



discharge apd 1L =ature a8 desived. Correspondingly, the mtﬁz'e of the pressure

formed in tre 13quid cen be of sy sort. This mekes it poasidle to use the eiectro-

bydremlic effect for different puFposes.

3, Manifestaticms of the Rectrohyivenlic Effect,

The electirthyivrenlic elffect c2n be eaanlly coserved in an oren vessel f1lled

wiih euy ligid.

At the saze time, It 1z possible 10 ses the Importence of rreliminmary shaping

of the puise.

For imstente, 22 & powerful, but not specially sheped pulse bresis dowm s O

layer of 1iquld of 100 - 150 = without producisg eny Lxportent externel sechanteal’
" ettests (wmly o olight cectilation of the gartece ut't!:e Mguid as&sm).‘

»Atmmetme,azmpmrm bu’tsrpeciqllyehweﬁmlmeéacts@to ‘
10 !.5 1 o.? liqmé. m a w@t of smrsl mters wa ﬁa osme Gpavk m, or else
. . ?_A'?e,

*

mmmwasmmlumamdmmzmu

-

Mmmmmwﬁamu.
mmeﬁmﬂmﬂ&WcMMMch

umuuﬂzm-mm,mmuwuww.”

M,&meanqd

_ tremsforsing electric Wﬂﬁ&mt axy intersediate unh,' '
with 8 kigh conversion factor suitsdle for inlustriaiXx utilisation.
_ aze ‘




Tt 1s well kmownl) that the break-down voltage in 1iquids dses not depend on
pressure, ssynptoticslly approaching the same limit in slmost all liguids at a
feu thcoswd Stmosheres.

ﬁn m Yuais, it can be mpposed that In working e.‘;%ﬁeze pressures, the
eﬁ‘ic:lm of electraayiraulic @ces zay be .vm-:; hi@. This elzo expising the 7
hich producties of exergy In an_ electreydraulie {zpulse at stwogrbereic pressuwre,

the u@m mzrwmizzg the discharge_zme bag an enomous mistme to tke
| exgensiom of this zam‘-.; | - l | o : __

Sizre the mmrse cimel bas 8 negligibly small cross-geeiicm in the fnitial

's‘;a@agmmema,%W&@&emm&miwmitam.d'!mm-

sattiom t2ke place erbpemely 2apidly, ac & recult of which the phenwminca

tae aam afme@mun.
B e retanee to the cxmvtcn S5 1 dtocharse ecmel o 0 cpoctal
E a"amw&nmnm m&w, nwmﬁnn;
ﬁn&umﬁm .
mmnmumge-motmumgmn%n(

microgecand., mmmcmtmmmmmmxmunm

)m.mwmﬁm,mm h.,l (B@Mmmg., -
mmmlm)m,mg. _ B



‘Operate as though it were samﬁ-circmuaat'm noment of break down.

I{z the Initial 4tsge of expansion of the chanmel, the spark discherge which
developes without being swm takes place inside en extvemely demse “twe” of
liquid, ehich bas a great msmwmmm expessica of the discharge,

takes plece ai pressures considersbly excesling the ebove-seniioned

critie#i‘ yﬁss’m, and thus bot&a&e eczversion coeffisicnts and the output of
useful epergy ere extrezely large.

"Q‘:*mz Qischarces sve citained in water spd other icn-conducting liquids,
gecording to owr dasic clrcuit, thege iiquids setave 89 insulaters. Miwy
 insulators pl&c&' in these liguids pot caly do zot lose their insulating properties,
’ bdut m geen to Improve M. ‘ | |

e high electric strer~th of m@ﬁm liquids 1n the electratrealic
effect is cmma vith tbeexcq:timl speed of tae bresk-dom. Eere e ]
@mw of the 1oms 1n the Liquta mnifests 1tagelf in the fact that they obviomly

Ifw it vas poticed that an ircvease of the concentretion of certain

1

icns in liguids which previcusly dil mot conduct cwrrent suldenly gave them a high
conductivity, cazparsble with that of metals.

| ”!It'azmm, wt,ummummmw,m Ceee
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the length of the wave decressed, the pulsed 2bllity to break dowa & concenirated
sclution of any electrolyle imcreased appreciadly. Obviousl;}, with exy concentration

{
of electrolyte, it 15 pogaidle 1o have '&‘? breakiowm in the solntion by wing a

. pulse with 8 very steer wave front snd an extremely short vave B length.

Durizg the 1zvestistions s 1t wes estedlighed that & high-pressure zonme with
& characteristic shage {fig. 5) erises sbove the 4ischarge chammel vien a breake
down is yrodiceld dn a uquid by meens of the basic circuit, For fllustrative Purposes,

ve divide his zome into 2 ouder of poris,
' I
iy

A~ zome of the sperk discharge.

B- dpintegratine zcoe, 3lnost all materisls diaintegrate into dispersed

 particles, while the ligquid im this zone ceesmto ecquire the properties of & brittle

sor1d boayt),

1) According to K. Korafel'd,(see his MW" 1 pm@m"‘ /Ezmaud..tyn:

' apd Strength of Ltqulds/, GTT, 1951), the modulus of displecement of a liquid is

@wwmumwwmmalomasnu/aa,mﬁn
roliaaiaitattin tine of the liquid 1s much greater than the previously assumed
value of 10710 « 10°12 gee.’ : ’
wnmwm.ﬁm”m&epm“ of &
solid boldy 1n the scoes nearest the discharge zooe Are prodedbly correct.
Eorafel'a ssserts that iiquids will behave a5 solid bolles at reaction periode

mch greater then the adove mum relatation time..." (see T1).

<15-



Cs ;o‘.ﬁ-hardznins zome. l‘..aay materisls disintegrate, metals are cold-bardened
znd the 1iguid is epparenily ﬁ 1n the siste Gf..a solﬁ elagiic 227,

D- Zame of elestic action, Farticles are ejected, pwerful éjectw forces
#ine ; 8od the ligudd le aﬁ:armw in the glate of 'g ve:fy.e}aetic liq;ﬁdr odF.

B~ Emeasim zone. T2 preszure decresses very rapidly ?ﬁh‘ incrensing

Alstence from the origin, large yolumes of llguid change position,

" g b, ‘Disgran of the shspe snd seguence of pressure zomea about
 the sperk dlscharge in the initial periodl -

i & o v
lxmn‘h camsot be placed 1n ﬂn atsintegration m (8) st uam lesa than
wﬁmm, since a break-down to the metal arises (mm;chtsxw
e netnl)..‘ |
Sindlarly, e Betal cbject used as oce of the electrodes camot be placed tn

«i6-



It can be seen from Fig, U that a conducting cobjlect used es sn electrode is
subject to the influence of only tbe eig;e zsms{n'es of tre cold-hardening zome {(C). -
This vroduces o s‘zallcy cup-ghaped hollow on the é}.mm at the point vhere the
soark strikes.

It follows frem Fig. 4, that vhen the end of the elecirodes sre placed Ina
straizht line, practically no mechanteal f&m att eu thez. Only 1o the cose of

gvm thick electrodes are the polmis enoocthed by the ection of sirenms of liquid,

The disseter of theldiaﬁ,ntegmﬁm..zc?né 18 yrfspenimi to the pulse Jawp.

' . tiﬁc_i'
For instance, in a sei-wy vith oo eiamdemw

ropaoias

2 ard an imductiom coil, with a W

capacitance C = 0.05 pf and' & spark length in the 1iquid of O mm, the dlsmeter of
the disintegration zome is equal %0 2 - 2z, - Tedle 1 chows the dissster of the
. . . - N ) . ] ’“ . X . - . ) i
disintegration zoa¢ vhen the power source is e 1004\% det Z-ray tronalormer conmectad
" tarough & KR=110 kenotrom.

The somes By C, D, T vhich surround the dislutegration goce have correspondingly
lzrge dimepsions.

The instantansous pover of irdividuwl pulses is exiredely large. TFor irstance,

m&setqmﬂthmpmrormhatso-mh,t;umina:ingle

' puise attains moee than 100,000 kw. -

1



Tadble 1

Diemeter of the dfaintegration zopne om steniord ebresive ubeels,

Experimeat No, Voltage, kv Capacitance,p¥ Sperk length, mm  Diameter of the
disintegration zonepw

1 19 0.2. 10 p-
2 30 0.7 10 7
3 30 0,7 10 1
4 50 0.7 50 2¢
5 39 0.7 70 38
€ 39 0.7 92 25
7 50 5.7 110 57
8 170 0.7 130 €9
9 73 ¢.7 150 TS
10 70 2,7 170 . 82
11 10 R N § pire) - 95
1? 70 8.7 210 105

The ercsion eﬂ%?ectma& 18 mot very azpreciadle smd can be cwserved only “
'W capacitences anrlwith e gall lepsth cfthemd#mkm. Hovever, in&l.ly
ceges, 1t 4s posnidle to select clirvenit mmgm mx:h tmt ﬁg e;*oaiom of the
 elsctroles of the nu.n sreck g vinr te rrectically madamt Tais 1 extremely -
| Wmm‘ﬂmmgm‘e&@{ o . o
MWtMtwtbem2mwlhknplmmmi:
with irom eleciroles @um@mw. Mdmﬁe!ﬂlmorm
electyode mtenal o the bmum process.
‘The investijntion also showed that, In te coge of @ mt;m * 3discharge
1n vmr, t‘:.ere 1s aimoat &'bm&ing, m t;.‘.-.at,mthe e of a -,m.w. |

' w&nm,bm&ingmuyms{ﬁeﬁathw’aMmhim
C 18-



fron the slipght erosice st the places where the brznches of the discharge enter '_

the surfzee of ths disc, In some dischargea, wp to 5 - 8 branches with different

i

cross-secticns could be chserved, as cowld be essily eambuahea-_fms the airfereit
arese of thre zsdinta of emeién.
Both branching azd non-bracching dlschearge s give the same results,
_ ™e electrohxdraulie offect ;ggmt ‘accomzraaiei.by the formaiion of gas end
vazmé. For the cose of werk in waler, 3 it cen be assuned that the zminute zmounts
of m azd vepor ﬁ%';ich cafu_lg-_'.ube formed wring the exceea.ingly briefl diecharge_

either ¥ill de “Hurned z@"vb}r this seme disclarge at the emgi' of 125 ezigtence,

or w11l fmwdistely conlense ant dissolve in the 1iquid when the Slscharge 1o -

e break—&m in 'the_ maln spark gap chvimly airfers tm
e v o it o 4 b b
m Before the m-dm, sster 15 10 matn prark gep bebaves like &
'm@mw&mnmma *humn@thﬁe.inteent.im
ight pert of the fram c;imuit (Fig 3)_-hw the shaping spark gap.
| sm.mu:memmmswwamh@, thain#er instantanecusly
& ceases o de 8 conductar, mﬁuu;becmng an :&uhtq’r. at thsmtim
-u streezer yith a definite pnmzt: (heuce - tht@e nt htuk—dm)begim to Torm

in the zain spark gap from cue electrode to another,

-19-



Yhen the streszer attam & ceriain limit, the second s':‘ﬁzé £82 bres¥s down
snd the stresmer short-circuits the two electirodes, i.e,, the meing spark g8p beglns
to bres kdown, At tls moment, 8ll the energy accmlaied in £2e clycul? Is coliected
ir the right pﬁt of the circult, 1.e., 52 practically a1l of 1% goey o Re zain
gperk s;xp.‘

Then the gperk chanael expands to the limit determiced by the povers of the
correst. After this, the cavity acccapsaylng the main ehoek forms, sod 1t 1s filled
.. ;1%2; 1igail, cmietiné the cevitation s&c&

| i: the 11quid 45 & mmmﬁ:, 1t 1o alvayn & worse insuiater before the
breck dom oi’ the sheping @k mpmdsbgtte;mm mmmm. '
Uzl one of the shapmg szark @ps‘bﬁ@s dow the povestial zn the zIght part
ct‘ tkieb c:irc#it wiil not be the 8w;aui-§he srheres af?ba disc’.:a:ge;; wu :'t'se_at
| ttterens soteiiars,
.‘ ‘. I‘bnlsa W tlmttha cec@.ﬁpe.r‘x ey bx;@ a0 before mm '
reuchu e w-elactr&. ‘ |
| -‘mqriln.mtch{vgahmtbat less energy 18 gmnottmunnmmag
| x;uezecmé liquids then in veter, This canrot be explained ﬂ-plytzrm smlu-
mity of water.
m mdmge mz expands ¥ith encrecus velociiles, slowing dme towards
m@umm. In the beglming of this pericd of direct coatect with the

20~



1iguid, 'trmmissigg of heet and of the tressure of the 14gufd takes place through

the tiin emvelope of vercr and gns swrounding the grazk Zone, Then the velocltly

of the liguid scaitering from the spexrk zope cebteheg up with the expansion of the o
i

' L4
discharge chermel, and the liguld moves sparit fo the lisift given bty soms equllidvriwm,

forning & cavity.

In the 1fmitipg expansion of the cavity, 1t3 walls ore Oviowsiy wmier a
resgure permitting the existgree of the cafitstion Dutdle, with conptleration taken
of & cerialn MS of 00 srd vepor imside the cavity. |

The geses end vepor the§ expesd , esol oﬁ', the eavity claa@, the gas end.
.vapor cmdém%ﬁé\iiaéczm , 8od with this. the @ﬁw cy-cle s campleted.

m-mtgmmm&emwg seglipibly szall, exd the elecirodes
" end cbjects usder treatment are pot heated w. - N
" However, in 'rery smn ;mhm of liquids, u' memm are mn -
mgemmmm m@ mly.smz, the momt of beat gm off V(ntc‘ .
" high atsclisrge frequency) becames more sgpreciable.
M‘Bmmmm,ﬁeﬂmmﬂhw

Wy cavitalional pdevoueea,

'mtu_mdmmm,mmﬁmwdmwnm,m

2=



nolecnlar® cchesion of the particles belng overcome, and 2 cavity is formed,

& I@e&w&e‘q after the discharge has ¢eossed, the walls Qf the cavity close,
g tekes place with sonle or superscnlce velocities. g irrewcess 18 sccompenied
it the oo penomezon 88 the vell-atudied process of cavitation.

The glze of the hollow caﬁ.t;ea fornad ia electrchydraullc ghocks in liquids

7 e quite lavpe.

‘™mus, with 8 spark leasth of 45 mm, s capacitence C 2 0.7 T,azd a wltm:-*-

-&ka.L%L
is mﬂzyalmd&amﬁ&aw

R T IVE. | §
B w‘*m&ffw. e

SN
C3

 atanster of 70 mm 37 & volms excosiing 100 ez
"if}m thege cavities eve fovmed, thoy ém ﬁ.lleﬂ with treces of theprﬂ.mta B
.‘ of m-@ vapew fmﬁea, wieh io 'mm@ 18 mx-m amamm |
sm imi@iﬂmtm&m 2 g3 sl vaper rmmumaamgem
mm ﬁﬁ-m mﬁm cmity. In this yw, thay eoolémgutw wm
COBEERAe . | ) g
Closing in of e mlh of mewrm produces e maw;iml;hoek,.ﬁ;ich
sugplenents the main shock of the discharge. : N |
Irmmmpneewmmorwobm,mauwu |
mndMawm&m heﬂnglmnlnnaut

'mmzvfaL@W;mwm Moammmeormmut

2R~



This results in more or less intense disintegration of ¥ surface,
The formsticn apd subsequent f1llinz of the cavity alsoe confirms the existence
of extrenely high gressures in the discharge zone. Expevimenie male 1t possidle to

rezerd the presswres chislzed s proporticmal 4o the pover of the pulse sd isversely
Y

sroporticmal to its dwation, end a8 depending on the cosfficient of volume ecsgressica
of the 1iquia/

Fras ths natmv of the damage of varlous msterials in the disintegration sone,
it i 1&%@0 p@@é@big,t@ conclule that t%w -'r‘:'rmsure mast be extresely large.

iz emcunt of i&m necessary r& the eleéctmmnc effoct 1s extrensly
@n. Bus, the ﬁﬁchﬁms o the layer of water w«m t¥0 plates of gz@ sleced
'-‘:'ea o of e another is a:fw m:mﬁa of edﬁil‘i@mh'mlﬁm is sufficient i'a'-
-tk gl2ss 0 18 brokm m} the exxeem-m;mcvsmml from mmm of s

olesbreisaa

meat, even though there 18 no cuch effect in alr after hundveds of electro-

Tuiz sot-up can also be used to nck the sbeence of pes wad vapor: with

: sufficieatly thick plates of glass, capadle of withstanding seversl shocks, o g
bbles m:hmhﬁonﬁrhﬂthﬁa&fheglnaphm.
The pressure formed YWy a oingle pulse depends, nmmmnna,um’

cspecitunee,



oy
On the opez hapd, o increase in the capacitence raises foe ;mise duration

(1.e.,v "sofiens 1t"), relucing the megnituie of tte pressure, B iat, an the other
bapd, this sme féctor incresges the emomt of e%er@' given off in the gpark chamel,
and oomxmuy imm toe dimensims of the sbove-mentioned somes and ;a&ses
the :&’eﬂ:mﬁ in ‘éwza.

L3 %L .,\.L\A\xi.- %g‘t

e clreuit wed by w smble ibineseriuriniide %o varions g=lbe

Q"‘ PALL ST o of €, ?%‘5*«3 ;“
m@miesi, which ihen remain = c&?&n .

ml werking with a=c cwrrent, 1t 19 possibie to Tegulate the circult to hsve
ﬁwﬂbmh&m'm@ placs at the asxim a@i;tw@ o m @1%@@ vith the frequesmcy
of the &wﬂ\'j cwmt.

ﬁum; the decisive role in obmg the raqaim m%mﬁ 15 pleyed by
the stospasss a'm@gm'ﬁm &m 7 | |
ltummﬁhummn-mm, Wm&m%w%w.

Study chows *&tﬁnmntyctmmnuwnywbymmtm
n««ﬁew,mm'm,am'mmma
mlhstwtoi&tsmwd-ﬂ%hmﬂﬂt.

lth&t%WWMtM@hWM

2%



mmim::reﬂmh’meﬁsm. However, when the experizent ves carried out
without supplesentary eheping epack fips aod vithout a spetlal capicitance in the
cirenit, the electrobyirsulie effect was tolally sbammt, despiie the existemee of

a discharge 80 ma locpg in the esler.

Af7er coe swping operk pap withTEURTS0 rm 4n dismeter ves confucted, there

¥as a small pertubation on the surface of the ligquid, The dlscharge hed o lepgth

mhmmmeﬁm@mzm. _

: iAZ

. : _ i\
wwmmmewm %mmammmrmm mm

v ) PO x.b\.nj'-nn"f»

memiea.
Mm&m@sm&egrﬂtm&d&_asmdmm '
. mtmmemnm@memmmmem,umuummm

ﬁemmweﬁmﬂh.

P@unhmnmumwﬁ&mm:b-mhmnm.

wvere less steep In discharpes in water,

The inclusion of shaping sparXk gape imcressed the steepness, %ut the elactroe

Mamﬁmmtmmm&, despite tbes:utmattem.

25~



Eowever the discharge circuitmnotcmpleﬁedyet,andtopbtamthem

‘ . o zalliad
electrahylraulic effect it was necessary to commect & scparate capacitance. Sumsmse

the discharges of m;‘";f‘é;; which, though pa;érful, 14 not produce an electro-
Zarsullc effect, "soft" discharges, These dlschargeshave a aiopiag frent, a larglé
voveleodth and & snil pulse pover,

In & wery rsre instances, ay;a?mfsely one out of a tbm#aaml Lages, we ouserved “

the appenpuce of gal't discharges wisa o norsal g circuit with m}.mtary srark

gRpa and & csraciisnce wore usel. These dlscharges were accét{mnieﬁ L7 8 very veak

aceushe i . \
ezun effect, 2nd a practicslly megligible electrohyiiraulic effect,

Subpequent)y it%acs%abn&e& #at n o normal clrcat the goft discharges
axose enly hen the egﬁmt - adusted %o the minimm breakiom oltage md
thevleag‘ﬁtsaf the smpmg,@a gaps differed greatdy fres g%ze t.amﬁxer.:‘ 4 -

o a.rter t&a_;%'irmt hed ’ceen'aagmjté;t; atavle ooero.tion ot &emm £patk gad,
o mere saft mcharg;es vere cherved fn tt. | - | |

A further Msainthe ﬁeegs.eas_af the wave front and & muonotm_
vavelength im ayparently sake 1t poestble to have a dlsruptive breakive in uﬁn.

™is wen pEadlemd m’*..'md.bym;xperimt in vhich we produced a breabdowa

< Lka.h?um
to aypply it.

iIn mercury by waing oxr cirenit and an

&b~

‘3‘3.“;.



Chanter IT
ECYRDEHTL TAT
b, Zgulpment and Instriments for the #..1:” crinents,

7o conduct t—aﬁ experinenis zaxer dezcribed In ils Troshure, four types of
powey sources wore used:
1} o schoal type elnctyopheras With U= 50w ard ¥ = :w; |
2) aschiool tyme Induction cal)l with U s 50 Yy opd ¥ = 30w;
' 3) & leboratory induetion coll vith U » 30 kv sad ¥ = 59015,
b) an X-ray trepaforzer with U = 100 kv esd ¥ = 3 b,
The grenter part e? «:rze wosk vas cicfuried with this lmm; power somree,
émwt m in%0 & halfwave rectifier with & IR110 henotem. T, caly Balf
" " of the power of tho trauaforser wa wel; L.6., 1.5 bu tustend of 3 .

r made 1t poscible

T copacitances used 15 the experimento vith this tranmforms

| 'tonayé 0.93, 0.2, o.ls,‘c':.':, szl 1.0 ;s:sa@amm;
mmmamwmwwwmt&a@dw

of tbe circuit. Thus, @.atsq.-'&:g:tw izpossible to chiain & mm spark

longer than smutham&marb.siu,mlenmmmmmmo,

150, and 'mwmlmmmmmn&amthdOJg:. lﬂﬂx

aupcitmeedfl,xm Mawlhpd&nlwg,itmmu.toebw

sparks wp to 220 - 250 ma long in water.
K-



Ve also stuiled the stterzstion of the pulees end the redustion of the
stoecpoess of thelr wave framt vhen ihey vere traemmitted {through falrly lomg cables
(the effect ef&hﬁs&&lwtamm%edansﬂaiﬁmlm
cepacitonee in the dischorge eiveult), Becemse of ihe difficulty of producing a
dieizivated copusitzuce @‘Qﬂm Targe, 1% wia mpmlby‘a‘mmm capacltzncs
comected in porallel i the walm spark gop, alter the ehaplng shark gap.

In the stuly, 1% wis estadlished that o Imped copocitence B up to 0,05 of
doss not reduce e stxesgih of e dlestrchyiveniic pulses, |

Ho capacilonces wt@ ﬁm 0,05 5L weze cozmected,

e shapleg epork gop mede of nickel-pisied spheres 50 zm inm diemeter could

ve aijustel to 2 vwide Zumsihs rage of levgihs daving the cpezntica of tho eotewp.

e m‘;ﬁ a, a1 iene

of the shapins ﬂpazz Lol ia M@fm “m of

mammmmmmmetmpmmmmwm
' tohlLMmaomtmo.%mm. Mund&amﬁmmemh

t0 a spot 5 - 6 w® large.

Taptensd Wﬂﬁhﬁm‘h.

The tank was md&wm
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!memmmmmitpsaﬁble to chserve and phoiegragh the
i ,-b‘l‘-
rhegmeoa In the tenk,
Tor 4o Alscharging stulles, thore ws 8 specinl device o (e botien ofthe
tank widch rade 1t pozsible to veprlate the length of the maln spask gep, angs -
| L&\‘(Jwg“g‘% Q.
%emtwm@ﬁeemm,mpmmmmwmiﬁmmmm%s

unier sinly, eod 2o e,

With reference 2o s cosditicns of the mrimuta_mth & poser souree of

1.5 B, ve suetadd thst the e 2289 bath hed & large Mcm,!&m;aita o

its eommalente, sizve it twobs ot relatively umpoverful discharges.

. A ® TEls, o discarge 80 - 100 ml&g ssepe brenks end leaks mm@g@ :"'a:- k, S

w0t 6 epeak of 2o nove pomeriul discharges chtningd with ds a@;@.mw.

If m P ABLIRRATY g;,-r*

water wat ejectel. Actumpis o closs the tazk vith @ cover &id mot imgrove te
situstin, since both the mw cover apd the welght placed on 1t were 1ifted emd
thremn eidde,

mmmw«mwmw ammlwmmn

-8-



For thls resscn, we have no phiotograph;of discharges longer then 20 135 m,

although we prodnced several such dischsrges

5. Hotwe of the Dischurges Stulisd spd thedr Action

Vi the shove-mentionsd sppavatus, we cazried out 8 mzder of discharges,

#he conditions of productio n of wrich are given in Toble 2, Sces of the photogerls

are showm n figures 5 and 6.

Ine marofmea,mmémmse@;mmﬁmmhn

gufTiclont depth, 1f vas notieed that the breabiows 4dd ned ke plocs betwewsn the

electroles, but that it wes dlvectsd verticslly wpwmnls

awl propagaisd aleng the swiece of e waiz»s&,

© ccmiuetor af the gecopd electrela. In inilvidwel emperimenmio

mma&mnmmnmwummmam._
mma._

C@iﬁm ﬁymumwmmm@. '

!\tt..i-{kl\
o hs?

ch '-.sh- “

Ws‘i

)z‘)“t ob
IRVOSTRY Ty
T B,

%W ‘\SS&PS
‘V.Q" Sk*
D L& B
W, Wi,
=30-



Conditicns of Formation of ithe Dizcherges

2203 o8 A z A
N } i
i ;2 . i CmpmppIERy
178 5. il I o
E 3 = LA T apgen FRr P ]
-4 g ;ﬁi gt $ie 1ep t=d 3 weie 48
k4 ;_z?' ot = EZf ok ° o
Co T LT T .
'--‘J'u.z.w.ma&‘émsm§vw§-mnw w2
!.; gia " m . i ow ! s ar 2
- el . Lol E -
T HERE W o iwmim: g e E,zﬂ
3 . i >- Pritie )
‘ntige . Bt o tioon gaane :2
MBI L IR 38 Toae -3
; 1. 03 l’-o: . W, A preepay ﬂ:‘nﬂ;ex o noay 15
i ?ﬂ‘nﬁ}‘ f - P . Cronuess gamer 15
.- % 3@’ i W 'i H . s av g
BB 'J“%m@ml, i a4 gnarrwe B EUPw . W e, m
. T2l m-ﬂ:':"“ ‘."‘s
3] (AT ] - -
& as rtfﬁimemln = W N o ~ :::—
0 I8G - T oD

‘ 13 Fig. Ho.; 2) ?nltage,':‘ivs 3} Capacitance u¥; %) SparX length, m;

5) Arrengement of electredes; &) Shaping zaps; T) Depth of immersicn in mag
8) Hotes; 9} laft {+} m; 10} Right (=) mn; 11) linenr; 12) Single discharge; -
133 tto; 1) Two discharpes in secuence; 15) Discharge sliding on the zzxrfaca:
1515144ing discharze: 17} Ditte; 18)50 am in eir, 50 :m along the surface, and |
% m in waier; 19325&:1&\&&1‘, 55 m along the surlace, and 25 = 1n water.

)Mcwﬁ..g .o?ig &; m}zcccm "’is. .
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"Sliding dacherges, vhlch are cbteined when the pover source is st electrophstus
s & special pature,

It can be seen from the photograrhs Maxt(Pig. 7) that in the divection of the
disclhazrge path from the positive pole of thw imstriment there are ro curves, Ihe
mmm&mmﬁsufmm@mm definite engleo (c89 Pig. 7). Rotatioze
of e enerke cmn be oboerwed - Umediately after & cisnge in divection, the ipwrls
_mataheﬁmdmeﬂse(myweww),mm,aﬁw.amcMeot

ﬁmﬂm,NMamtmoutMsmwmm%ﬁrﬁatsm. & cwmicw

phenorrnom on the photogrard 4o & spheriesl luminous fezmation (1, fig. 7)), shich

ecen 2o be eovered X "antemnse” and thide dismeter attoins 546 mm,

Dmpite the ogitation of the liguld, tho Srwek place of formtien of ose

» ¥alle thelr positica -

s operds rexslss cuzotoat frca discduege to dlschargs

colncifes with fs

sogseeities in the second electrode vhich 1ica fn the dotemn . .

Fren the aile these spherical formaticns scmetines
o -, LS
shepe, ool the “satemmns™ of the imdividml SV are frogusntly womld in & wpiral.
e spherical diccharges are not ccamscted with the zoaes of the lisesr

Usckarges wxich ottwr coacarrently. Ihe natwre aml sequence of thelir formmtion

o .;3,1.



Tig. 5. Plcture of 55 discharge 10 za loog In water, tales through
e trensparent wmll of the tank. In ¥is photosrenh asad
- the paxt photogrash, the (+) hy-electred:ds cn the 1a2t sl Be

=) ea.@m»@ae iz on te right.

Pig. 6. A disharge 100 m in leigh in weter. o

is detenzined by tie sise of the shaping epark gap, zad in the given cese, faxk

- e

mmummmm. Me Uschargss fxoa he axpmtive pols,

Tectilizar st the deglming of thelr path, are deflsctsd to the left sal right
u&&ummosmmnmummormm. Tese ¢elloctims

.ﬁ-
t

o



ezbrace up to 3 of & circle, vaich appears to be part of e spiral, e
EX

Tz basle pover source made 1t possible to zwoduce B wum wRole geries of
speeial discharges, the szi-ips end photograrhs of wxich are given in £3% Pigs, §, 9,
10 exd M.

27 usnsenl type of discherge vas shsm_mmqfthemm%, in vhich
the positive elecirodes had ths shape of a polat, vhile the gin nepntaove electvods
bad the shope of o dise, Wien the disc wag g2t wp Iram e polint af o dlsizace which
mhmﬂmmmhmﬁm&m, z?twmue-mmm
oz @mmmmmmmzﬁmm. Each brmb eczgisted

for : : o : ;
o 5 » 10 palesvlolet “antomme” W to 100 - 150 & long and wp to 8 - 10 == thick,

e “eutenzse” of the brushes cacillated very almuly, tuistlug sdows thelr -
- eentxﬁl,pemmm._ Ap ideir end, theve vere a mmall musdher of mmll (1 - 2 mm)

@5 tubtles. Vhen the dischargs stopped, thay flosted wp, pertlally venishing o
. "&CWWt
e dreshes vare contalned witkin o come having e 4izc ¢t the Imse axl e
| ﬁ s L &
polnt of the soccad electrode ob the Summbt.

B 2
Ve produced sialilar Srush dischirges in meay electrolytic solutions, sz well ?}3‘

and :
sed liquids, mwmmwdg;mwmum
~ 2oae or by the sppesrence of precipitates (incluling even the formtion of geletinous

colloiial formations a3 & result of the pulses).
‘B-



Plg. 7. SMliding dlscharges froem the miﬁiw elecireiag of an :

. o
.2

ah;}num
T Imving 8 path lenfth @ %0 100 - 120 mm,

- L ]
. % e -
.
R T Y A
' ° - - w -
r - . - -~ w T

¥ig. 8. Disgram of the discharge for the case Where one of the
w (-)nm-zsgmmotm (+)hn§cn-th-n_rm.-

o 7ttt b i

1- electrole; 2= water; 3~ patk of the dlecharge of alr; M- path of the discharge




Fig. 9. View from above of o discharge taking place sccoxding
to the scheme in Fig, 8. ‘
On t2e right - 7oth in aly; o tie 2eft - path {a wier; in detween - path

sl the muface of the weter.

: ."ﬁs.;o; mw&m“unmzsmnm,f”
' then 55 =1 along it swfece, ud finelly snother 25 mm
1ato the water to the seccal electrole. -

-

1 electroles; Syw 2- water; - snd S path of the T
A- path of e dischurge along the surface of the wter. o
‘the distance between the end af the electroles in the wter is 55 m



ﬂ:em];typeaofdischargenmdﬁztheﬂectmﬂeumchﬁr@almg
tie swrace of & liquid =i cbtaiped with the s=xe set-up 2 in Fig, 10, x&i% but
ﬁthtmaelmmsswgmmtdmrwwmmbefwm
foi@:mticmotabm. Vhen discharges tmkphceinme'!hspmgspz:kép,
Mhdischarges.amﬁmﬁasu:face of the liguid, TRese brush discharpges were
wmmmmwmemmmwwemﬁrm«wm;mmt
lying on the ewrface of the 1iquid between the electrodes, ﬁqmmm_u'
ﬂmmmm ”m".ot palg#;oltt color, mected.at their.base. »epmungm

the volinge, thelr leugth sttained 50 - 80 mm,

!"!a. 11. Ymmm«tmmmphumh
ﬁ.u’t—ndm.lﬂ. ' o

ﬁlmuﬁQ“mm,ﬂQWM
1n all cesies,wes Sested ca the Most diverse materisls in wricus wae. Incoe of the

experinents, e elactivoles vere fitted vith textolite m,&cw wise



@@nmg,bmmésmmlmmntm,&mcmm&mlgtive
to the elecircies, Inside the tide, the exdsof t_he electrodes were adjusted to 8
dlstance less than thetuve dameter, to Izevent a breakicwn from taking place by vay
of tho gl wlls of the tude, The Lo and electyoles were then emerasd in liquids
exd pulges vere fed {o the electiroles, Mwmwmméz,abulgeaw |

in the tude. This bulge increscced vwith each pulse, After 5 or 6 pulses, the tude
2.3

’_

wswally Jum berst slong the gemeratrix, With amealed fudes, it wng possible to

yroduce 10 to 15 electrodyireulic pulses. In thls case, a large swelling was

 produced vithout dmmeging the twbes.

- Pig. 12 shows sacples of guellen®
| dlemeter of 25 tm, el o well thiciness of 2 . Af3er gwellingthe tudes becams
noticesbly chorter. Bm of i@erfjeét&tas'm the ammm,tha muins |

| ‘aemdng each pulse cflen ocomred ina M!‘re:én% place from the others, s

- ent e e from the Photogrezta.
mwnmaammunmfnmm}mmma
| 'ﬁ@-.ﬁu&uuﬁ&&mmm-w,w@mmmngic
“'hll n:un-l positiom, | |

i azpeavence of nptures ntmmﬁp.mmmunm

mmc«mw, Mmmm'hmalmkﬂmﬁmm
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1~Mmm@mmmfemtpm;a-mgm_mmm”_
pm;3-mewmmmhsmmm;&mmgd?'
the tibe efter O stable ahocks with amseling of the tide after every
ﬁm;s-mmmmemmmmmpmg,

.. sn air buble.

© the capacitance large, In other cases, 5o bubbles vere cbeerved.
mnﬁua@mesmmtomuﬂsh:Mhmﬁmmm t

@ickness of its walls, The greatest swelling spd the snomt of svellizg depenls

¥

.tm poperties of the tibe mterial. These facts, vhich were estadblished W.
will play an impoztent role in the work of spperatue wsing the electrobyiremiic

-3



‘ﬁxismtbet&‘:mintoaccmtinmuﬁmim.

In forming & discharge fron an electrophctas in 8 thin layer of ligwid detueen
two ehests u‘rlglasis,i)laceﬂ tightly agairst coe enother, end having a size of 150 x 150 =
maam-mmgarsqm,mmmimzﬁumwah@ vere not
gble to overeoms ﬂw forca holdf;ng the plass ehests together, The sheets of glass
dia@am,butépuéecegmmmmmmthmcammeiteam.
These pleces of glass reproduced Rixxd falrly accmbely;ha appearance mmsm‘_
of a6 of the zones ehowa 1n # Pig. b, mﬁm&md.m&mupzmw
ho-,ﬁn. ‘mm@mwmgmmmwmﬁﬁ;ﬂmm

Irnmkﬁsm.m&m&&r@am&mwmﬁ&nﬁn.' .
pig mﬂh thro@ﬂmmter, itmpo@ublemmmmmxl@.u _ E
' cazm'd)holu vm emooth ems vmchm alms m zQ the ewme amcum -

me@unw B
2%

Wmn&&mmmﬁwﬁﬁmmeleﬁq\mmmmam el
drhnn:mpmduntopdﬁ: wwmm\:’&aﬁmma

. e
otm:mkd“‘é’mmmmmmrmumaum,ame,
mn«mmmm mn&emam s Jot 2ed @ Mud |

'wwmmmwmmmw(mmaemm),



after vhich 1t burned with 2 gharp clap, ¥With a 3&-@ layer of air, a 15-zm layer

- of kerosens, C = 0,3p0-f, and ghaping spark gaps of 5 azd 15 ms, the Jet was w o

1/2 p moter long snl was sbout 80 - 100 m scross 1t§ grentest cross-section,
mmw-vlﬁ; -} Pwer.nmce v:o&sz%:ing 1.5 v shoved Um$, when & metal

elenent with & large awface vas éms_}w coxmested ¢ the positive electrole

of o discharserkmde in the form of a point, mo dischsrge aﬁé between the elecgrm

als ‘ - ' _

€L any of the values w: tb2 curreat snd the capacitence permissable i the experiment.
Izthas@mmlliemramm emmmmmtﬁmew, it a4

- e 0

aot effect m'fmﬁm aed eourse of the &ischsrz:s betoeon Lo electrolss,

Tl :m' oﬁamtim opem o Be pcﬁa.ﬁmw of rectifying mlsesaltemﬁng
ﬁﬁ'mn by meang of a‘am awvics. s device sl cmm of & discharger
'm @sed in 1iqulds, vi'i;h the m»@"tive emm m@m the form of o iu-gu ’
. rtace ant witn the posttive minis alctrodi sade 1a the Sam of the ruad point,
o qumﬂq,it mmm tmat, nymmu &muw cisctrote
wtm1m@ﬁ§ua1ﬁpom. 1tmp@1etobmm436m
greater distances numuﬁmmmm_mémm Qunuon;
In prectice 1t turned cut that the use of insulstion of the positive electrodes

made it possidble to breakiowm aleoet tixee times greater thicknesses of water

. tan atr with the sme voltages, '



Thie phenomenon iz easily explzined by the great reduction in the totel
conluctivity in the water due to hydrogen ious, ¥hich are the chlef rw in the
confuctivity of water,

It vas alzo established that growmiing the pard of the chorge-discharge circult
' before the ghaping spark é;m produced small leaks end reduced the effieciercy.

Iz a8 possible to shov that grounding cmn be definitely recammnisd only
Tor s clzvult wilh two ohaping tzx spark gope, espécﬁall: if this 18 carried out in
the dlachirge ]SS of the cs.mntbw the shaping epark gaps m’fm nogative
elecirole is @W. | |

mqmmmgaémﬂégmal.sm water in the for of conee
shapel bils” fmmﬂs at o smll depth beoeath the gurfuce. | 21r resbed tnto
' thebd-zm'las:sigm thm fornmed., ﬁm‘r strema of eix ba‘bble@ rm hiaamg tm thn

bottm of the mk,m:k 1t, sl rése M '-f,}_'_ R

m:mnsmglem&argaatnmthotammo 3oommta.mum

ormmm,u@tom 1s1utnurnum)ac$&ammg.nmot
as

5 n staaghy. mmmmmm«mmmgnal_u"

mmmmMM1wutc.
This phenamenan of purely "air cavitation” is charecteristic of electrohyireulic

:hmh £ren discharges more than 70 m long, since they could ot be phnd‘m

ﬁ.



ﬁmm-m&mmmmrmsmmmmw%bmedm@rd

destrmetion of the tank.

6. "Flestigrerhid’Nethod of Stulylng the Electrohgire

) EfZect,

Dorizg our shiadies, we developed a method of siulying electychiydren

which 15 cbviously sultedls for studying the cmcm-zmm of other Jhencosns
ocowTing in a liguid, B such 3 electric machining, explosicms, ml%aﬂml‘
P oTeERe8, m othen; |
o matbol, which ve callsd m;mmmmcnm consiats of recoritng
e uﬁmiofemmmunc szwcks m gmmm @M Plaged m a mmua
M ‘mnlt, eavities {Rellove) are fm'm_t_h@ pW atoce, st where
a.:m:,m of thenhnekawvhidtmtow. ST R
'» qunmwmamwnnmuwumamm
ware pessel. nm-m, 1t wos found tiat niu Mb‘nhe th.‘ht-k-
 dom voltage for the sme mput-gp legl. SRR
© m, o dtacharee 505 Long w1 anetly aroe ot 10 vt e, rerteed
53- 60 kv 1n & plastileme cylinler. A discharge 120 m long, Which bed bewm

‘&-



produced earlier with 50 kv, required 60 - 70 kv.

Qfﬂ Co
¥ open shock waves produced o one side of 48R disc, the dlsc shows,

" a.xh:!.ﬁ"c'“ Yo ,
Lesstles , the large dapressices which cm{the traces of the ghock wawes, other deeper

deprezsicns vith sunlken 2nd saooth edges. These ave &;trmacftheactimof
cavitation shocks, vileh 1101 fron one ecd the covity forsed sfter dtscharge.
Hhmthe&epthtoﬁiﬁa&edisc&meaﬂﬁgpmtﬂmﬁu%wmm
14quid was mm,mmmammmmmmﬁmmmm
t&@ﬁﬁi@m&mwo |

An Iinceesse Iin mlm@aftheﬂii&&:geMammm. Ata@.m

zace of the epslvelsst redveticn in € thislnses of

- ';ﬁaf‘lics!ﬁﬁ in vhich the 33 Wﬂé eavitaticn shock was fm.

e ¢.:¢,mgumm_ : |

.' M;%Md&“gmw,m&mmh
s o it e e .~
&!-,hwmmmxtmummmmle

dmihxﬁmdmd;aaﬂhtﬂntmﬁt m,ﬂ&twhhmum

-



L)

Fig. 13, fha&mmemsim ammmamc (mﬁawrtm
of vhich the elestvolss are placed):

a-vw@mw,b-mwm

Tig. ll. wwcum«lsm(mﬁnm
«rm&-mmmm):
a—fmmm.bvm

1-pmuwaxude,z-m¢mmm B-uptlwdm;
3 trace of the oavitatic shoek, - oo



-4

1- electredes; a-mwmmm, 3-p1aatum' h-mﬁf
e cavitation shock,

¥ig, 16, Plastigraphic of a sangif-eidcharge (vith the elsctrodes

mnunnslmumm) a-ﬂwnmmzb-m-mum.
1- electroles; 2-nmottaema-oect1onortmuse. 3- plestitene;
A- trece of cavitation shock; 3,3 poseave electrode. '



&3 ."

b) "

Fig. 17, Plastigrsphle effect of ¢ gingle shork (with the electrodes

in o dlspiaced parxallel positicon): a~ view from ebove; b~ cross-zection.
1- posttive electrole; 2- Mne of cross-pecticn of the dlsc; 3- emd 5=
Plastilens disc; b= megative electrode; G- trace of cavitstica shock.

m.x&rmmem&am.hﬁ(u&mm
mwmw&mmammmun)-

6~ view fran above; b= cross-sectlon. e i
1-nmmcnmmammmmmaum1-z-mm
electrole; 3- line of crose-section of dlsc; M- direction in i the
upper (rositive) electrole wan imelinsd; 5= plastilene; 60 trece of the
e



Fig. 19. Plesiiprephic inpressica of the sction of 8 gingle ghock
inalde & cylinder; |

1. electroles; 2- pimstliisme cyli@ex} 3e comtral chamael; %= csvilation

cavity - trace cf tbe scticm of he main rhock.

Fig. 20. Flastigrephic Impwessice of & single shock insids a eylinder:
- pogitive electrade; 2- catburst of the cavitation shock; }m@ﬁn
electrole; M- plastilens; 5- central chamnel; 6- wall of the cavity.

47..



cavitation shoek of tke cavity,
This method vos used to study the actian of electrchydraulic gcheck waves and

the cavitelion pheucmens ecocompenying them, with the electrodes srl the plastilene

dige placed In very &faiiSe
Aftezm ench single discharge, the plsstileme dise or cylinder wea photogrephed

mm:,mmxtm mfintoandaméhntemphmtakenintbeeﬂe
positiom, o

e se'ges of photograus (Figs. 13 - 20) vas mde wmler the conditions given
in Dodle 3, The ?w.';.tion of electrades can be seen on the photographs.: myt for‘
one cose deserived belou,!_‘ elecizodes werd pleced on the surlase of m ‘plasgtilens,

Tna ;g:asﬂg:;a?mc mgﬂ'essim of the mﬁm of the electrehwiraulic ghook S
vsves mbe 1t p:eagibzé' to study the a_istﬂmuon oftha mm‘a‘" given off elong ﬂ:e
| mgm et:ﬁtip amrk. e N |
B  fhe dischorges inside the qlm'-m@é et energ is wn oft qmo
m.awm length of the wse. It s Mu'é.st somenzat more
emha;mmatﬁeemdﬁeliﬁk;m&ﬂm. |

MIMQ@mumnhhuﬁbﬁmmmﬁwlﬁ
mngﬁv@di;i-n vithm;ou‘l electrodes. .

ALL of the rhotograchs gzvmshou the result of the actim of & electraiwiraulic

~A8.



shoek w.veﬁ end the accorvanying - cavitaticn shock produced a2 a regult of 2 aingle

pulge, -

The entire cavity is formed at once by the ssme process, szi none of the

vt ghoved tiat these

Theneens of gas and vevor forzation are chserved, The expes

covlities ore regular geometiric Tigwres, end thnt they kate smooth walls withoud exy

asymmetric depressicns or other irvegularities.

coezmressios of the cavities

The Poldings scmetimes foundm are ceumed by the

e the actlon of the cavitatian m%)follm;g the expansicn throvsh the main
ﬁcci: wvawe, This is nbticgabie only o very lazge m&tﬁw.

, "‘.Zt nm%am@dﬂtmmmmumm (the B m}&ma@z@amm'

| &imimgl close to. the shspe « of the cavities glven in the g&@‘«'
| Pc;.' the §a¥1§ of many davicea ﬁam,t&a ezsctmwamnnc effect, the fact tnt
savities; 1.e., & eoxn;id:e&ab}e linmrdztplamtof m‘ mi’omeﬂuu & o
e et detarnaing fackar Seher S e shock ere, s Bods for the
comlatim effect @l for aw"w_'xk ot m, m sl owm..' |
In almest all plastic utémzﬁm,‘ﬂgeh, -z, ehr. ol otbers -
| . )

cavities ave also farmed, However thase mterials eitder mmlsify (ditmem, clay),

or crack (bitumen, pitch, wax), or else have many perticles tom off (wx, clay).



Conditione of Plzstisraphiec Ixperizment

TBIE 3.
¥
T - R
R |
Sl H g §88 om0, mﬂi %3 g .
8! ]%3;53 = 5 Nodxs
) i i Large activity of cavitation near the
\ o B megative electrode,

o ) , The cavization is more active mx
1" @7 1 15 0w g the negative electrode,
L fhe cavitation shock is greatly weakeced;

the main shock, censidexing the gmall
capacitance is zcarcely changed; same =
zctivity of cavitation.

e el s ok b e ‘*.’wth shocks are clearly manifested; no
T Y “predonindce of activity at either electrode,

@0 w1 ae The cavitstion shock {5 weakened, since
' - & a 300 mm lzyer of water is insufficient

e L e far 1ts development. Stronger ectivicy
I 8 & B M N gm o 3t the pegative electrode,
N
e Tmrrrmomm e active cavitation at the positive
e ar »o2 w2 .. electrode.
; _ . i l | active céwiuzioa at the negative
* e W ® oR;u me eleczrode, .
e : ‘\‘Ea TppRT, pmitﬁgeelectrode is im:litwd

L at an angle of 30 im the directica ahoun
b & ok n m f‘by the srrow on the plastilene, Thia has
R : : ‘i1 vealted in a large ac:i.vity of cwita:!on
r,"v("u hgnl‘ lnthisdiu:nm. g S

- e . -

P : : 3 . -8 Lm cavity is strictly sysmetric with

TR n.tg,li,ll I"; respect to the electrodes and the spark.

o i g v e A < L‘:e cavity is strictly symatric with -
‘ t to the spark.

e eatfre cylinder s compressed on all

sides, The rupture of the cavitation

skeock iaside the cavity is clearly seen,

1)Fig. %o. 1; 2) Yoltage in Ev.; 3} Capecitance in z=; &) Snrt length ma;
5) spark gaps; 6) left (+) mm; 7) rigxt (=) m; 8) depth of swtwmersion in ma.



Plzstilene is most canvenient gince it hes no impect dbritileness sl rom tsgemiure,

dissolve in water, end particles

1% practically dces not exulsify, it does mt shuwp
do not tizr off Sy 4%,

Bus, by gmalizfmg the sbove facts, ve can refard the experiments es havipg
establiched the following series of qualitative gelaticnships, nsmely:

1) within cericin linits, the length of the eperk in wster depends on the
sain eapasitonce of the cirenid; |

2) the srising of s breakicem ;nm_a@m m the aren aﬁ.mlariv of the

clectrodes. AR imcrease of the arven of the negative elacireie in comtact with the

water fovors the development of o breakiom
- Jo & still greater extent, these elfectis cad be poduced bytreawng the active
| surface of the @tm e;ecm; »,ni the oppostte cw,'m bm-ocﬁ; ‘_ |
3) thamlhsn ;t'ﬁich the treakicm srises w on m elecmmtum,
s e e v 17
h)cwewummuqm,mmﬁum}kmmnmw
vxﬁmmmuu’mmamm; |

5) the arising of & breskicwa depenis on the concentretion of electrolytes in

the water, but the stecper the mNkin frout of the pulse sl the ahortér the

wvelength, the larger is the concentration at which the discharge arises; = . .

.nn '



6) the disintegratiomal effect depends on the shape and especially on the

sequance of the wave front of the pulses. In twm, tds 1s effected bydﬁn@es in

5 stV Gaps '
2) the length of all the Hhbes b} the smplitule of the curremt snd voltsge;

¢) the ca peitance ¢, the resistance R, snd the self-inductente L of the discharge

< u..-».!:v

mgdace ol especially of its right half; 4) the C, R ard L ccamected pavallel ¢o

x mxin spayk gops;

1) the degree to vhich the rophstens of 4o electraliyirawlie effect are
1denlical &2 esch discharge depends on the conditiom of work of the civecuit;

from the plastigrephic aata, 1t seens thot the spread +t velves can be detected

caly with ee caclllograph; '

§) vhem s circult is gromied beywil the cheplag spark g, esi, in particular,

mmmf'emm@ﬁw.emm,m_m axe proctieally m@ﬁm.



Chapter III
DEVICES USING THE ELECTRONIDRAULIC EFFECT

T. Electrawiireulic chisels snl boring davices.
4) Electvohyirsulic chisel.

To siudy the mtmtim of non-petallic materials by the elecirdhyiranlie
nethod, we prespared a device which ve call the ';elestmhﬁmxlic chiegel”,

I3 chisel consiste of 8 texteiite heed out of vhilch sleel-vire elecindiss
of >2’32 N

The haaad # $1tted o o textolite rad, which rotates freely in o socket fostenst
w0 & cromstas of %elbat;h.‘. To kecp the 'czméwmmg'm@a:éa each pulss
(regoil), o 100 of 1.5 kg is placad oo the textolite rol, | |

mmum czmmt in svitched on, discharge m‘@a betwemn the ent of the
electmﬂ.es Qmi the auml sinkn 1nto the mterm U mier wat. In ile wy, ,. ”:¥
. C.oru.;\;l.u\v\ cirele 100 m thick vas plevced 12 3 - ammu e
’:Wm}so,sqmea;ummuﬁsmazsn. An extereal -
m- of te cutsel 1o obows in Pig. a. ;

Ve also teated & mu&=m1@§m&m1mn,iutmmh
abendon 1t bm of the repid Wﬁon of the tank, .

Iamﬁna ﬁtb asg ‘mr-rnt at a frequensy of 100 pulses Per m,u tlso

_ m&d}w&i&hﬂtbnmﬂl@&ﬂ-lﬂn{h%ﬁaﬁmmﬂ
_ : <53



meekcfmymgthtoadgpﬁofho-%m%zeaem,mpwerremm*'

for this belng 100 W,
With rore cxceptions, ihe chattered etomes for &iﬁpmea particles vith
8 grain size o grester than 1 - 2 m.
2his game chizel chips dlabsse avd merble considersdly mere slowly (3 - 5 ==/min
at 200 w).
2
Goartz, glesg, sed other brittle saterinls ere esslly chipped, with & rale of

15 - 30 mafin.

Bocks with ecaldueting or seml-condusting inclusims ave chipped at and

snesd,

Tig. 21. A chisel in e tank io cperation,at the begtmning of
exiaeling. On the bottm, Sperks can be seen % the epls of

(Fbotograzhed. through the wall of's tank),
S '



Finzecrysialline rock axd materials of the fype of solid solutions can be
Chiseled more esily m‘ quartz-crysialline rocks, £ibrous rocks, snd cextain

Tn the disintegraticn of rocks, the detemining facter 18 pot the hardness
of the rock, but 1ts brittleness,
B. Electrohyiraulic bore.

To ohtaln regular Boles in monconducting materials, the specinl device Eaown
in Pig, 22 wves designed, -

Taside the metal bit, Wich 1o tm@ on the e@, teare is & testolite
insalaticn with a cpening for ﬂze:ﬂmm 11@; |

i e cester of e fasulstaz, e (+) -emmwmmam
. b@g. The curreat af t&s electroda 12 suppli& by a side W. e lmr ’.
. eni d memm ta bemt et a right migle far 5- 10 m. mm bm«t 3
| ﬁéw&, &smmm so ﬁt oo @lm tmwmmm. |

A

fzen voltage pulses are fod to the bit and the electrode, disciwmrges arise

Detwem ihe bent end of the clectrole end the tuff of the bit mosrest to 1t.
¥hen the elzcirolde is rotated Ly a special motor, the dischorzesy cower the
entire lover emd of the bit, mmmmhmumm“

stopping. T electrobydelic Giock vaves vhich arise in eech diecdarge dastray

=55~



the rock on which the bit is placed,

The pulverized rock emerges from in betgeen the teeth enl through the gaps
betuween the tube and the walls of the opening, fron vhere it mbem@:ézﬁ;ut
‘3:; mtm' fesﬂ‘umlzr fregsure into the holl@pem ﬁf e ipstmeents,

- Mmz the electrobydiraulic bqre repsins statlonary (except for the lover part

o the ei%::tm!.e) s 3% miee h;a!cs af regalar circulay ghape in sny poueconduiting
‘ material, |
e mgt.@elofthe instrment has an englne with the pover of 3 v which
| r.étam e electgaaé vith %3 spsed of 10 rotfpin. Tho bore ws féa vy .m
wima capnsttance of 0.2, The length of voth mms spark gave s 10 m,
Tae voltagu m 25 . jo xv... _ |
m zme-Mm: ws 30 m; @é m hoieg profuced vmm frem %0 to 50w

ma:tmu in roch of verious herdsess,- mselmmm me Wm an B
Snstrumet e be vodged 12 the bule, The salle Gf the Boles were ot ancet,
: ; hut were rough within tolerated mu- | |

Oniqp'd'&cboh,al.s.lamdxtmpm. ' mwﬂmamm;n
sacunted to 2.5 kg. &@lhmln Mwumamgmmm
.s-mn,nmwmusnummmmm%@:. Hovever, st
: a;@c‘rrc.zlq-mcyot ih;pnlm, the mtrmtﬂ ina m'md‘lhon

56~
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Pig. 22. Diagren of ke design of one of the continusus culiing boves.

1« cwrrenfsicsd to the centrml rotsting electrode; 2- pipe supplying the
fiughing {amd working) lgmids; 3 end 9~ ducts lesding the flushing liquid .
into the dedy of the bore; b cizzenmt lesd for the bit of the doave; 5- cpenings

' of gases; G- bit; T- teeth of the back end of

beatok )
the bit; &- exl of the central elecivodes, dmmicdo o right sngle; 1lle ceatwal

lmmmexmm ().

" the faon’ 1% vas entting.

m mmmmmxm 1o om veight. For eite mnm,n

m"mmtvl&mmm:upmammwmm; |
One of the central canpomszs of the bore s the inserticn place of soft

mumm,mmwMuhMemm

eserges beyond the lover end of the textolite ALt of the hesd. Thus, the rubder

ingertion piece extcads partly into the disinterzation tcue, since the textolite

-ST-



Pig. 23. Viev of the Iover edd of the Bit heoad of a dore siimr

[ ] .'“u..hd.\.&-k\

" efter saking 5 holes 80 & dssp in & solld eads o R at ) Y
1- bent end of ik2 central electzole; 2- tooth of the Hib end;
3~ mmg in the it fov the wgeaée of gases; be ghaft of vit.

vcma;m;:imy heccmmmsble i1f 1% extendad into tHhis zone,
mz.@@&mmmm&zmmnwmlﬁ zaamﬁuf‘sam@i
'ﬁam:me-mim:@mahmimmlm M.mﬁg. 23.
It cza be geen !m the thotograph tmt éeitéwr the tu};a por ﬂm .cemtral.
em hm mtrm o:'eroéuouqz mm m t%w@ﬂmyamma m :
Fig. 2% shovs meanmmamitmﬁmvhmiﬁm
mwmw-mmmeb:ect. m@a@xmm,@hmu |
cl&thn&ﬂl,m.thmm&emma&ebit. Anemhut

the work of this boxe is showm in Flg. 25, vhich ehows & hole maie in & corendwm -

sdresive wheel,

1% way doternined In the shalies timt the Dove co@ make Dolss ewn in elsstic

=58



material, such es soft mibber. Soft rubber Is torm cut in pleces vith sharp edges,
whaich have the ap?eé:rance al brealm in a brittle materisl. The thicimess of the

pleces cut out 15 5 - 6 m.

Zoerinents showed Yhat, alter the bore m_m into the rocks, it is possgible

S . 33
¢t o break elther the entire

2, ’ .

uci’\roc}:, or Just iis lower peri, by cperaling §“§
the bore with a large capaclitance, Thws, with the ssne power unit, 1% is possidle

to make holes to & sunll given depth and thez to moke a Lydreulie “explosica”™ in ithis

bore hole by sending two or three pulses ot a large capscitance.

Pig, 2b, View of the bare 82 it starts bering. Besesth the Wit,
" discharges can de geen. R

{Photogreph taken through tha wall of the tank),

=59
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Flg. 25, Ecle M?,"E%mmwmmema'cmmel. g
Tadle & gives data on the sciml and theoreticel drillimg rates of differnt
rocis,
Sm:e&ezrmutlmm'&swmtmmmﬁmmtﬁlmwm
: 'mmcieaa o 500 - 1000 ¢ps can be easily cbiained, it eamn W'Weﬁ that the
&rilling rate of holes in mm sixilsr zaterisls esnbe consideradly m.
A ‘ o ‘ 3
C, Borye fer digging ¥ epecinens.,

To produce ring-sbored holes with & central cove, ths bore model shown in
Fig. 26 was tried.

Inmlam,mmlqm;mm,uummmmm

muamm,mmuﬁuwd-m-nm/mm,mmmw

-

the perizeter ot the eml Bit is Xrovered Yy discharges detween the polnt of the cylinder -

~60-



Table 4

Driiling retes of the electrohydraulic tore 1n various materianls and rocks

spars leagth 7 rm, prlse frequency 120 per nin.

1 k-
Hycor 23 0 » m‘
252700 0gS TN
o T 5 7 pmamemgn ~D-- O -
b 108 1 4 1 : 50 o §
-e 29 W
i = =TT
P i L1 I [ L K] 12!'%“ Ll “E @’
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R Y] te 1. 1l Burremes Smoes 3 '
) E v et
» w6 N L B W
T 13, ”;.—m* o
2 " » w %.mmi [ E] e
- - . o ’
% e w 07 Ketpe assnsgred - I
g!u!p!n,_wwlmhm
] _ .. g M
N - A'.. p. ”
i a2l w 5MW.MW ® |1

- s ————

"aiulnfrn‘!'m‘wl w e

299
. 35
i, i “':; w w0 Smomms.| e luw
bl . ,_A X 3 i

1)Voltage Kv; 2) Capacitance mf;3)Spark gaps; 8)R§ck or Material; |

5)3ate of impersion in ma/nin et a frequency (see 8 and 9); 6) left (+) m;

7) vight (<) m; 8) 2 eps (exp); 3) 100 epe (comp); 10) Industrial rubber;

11) Disbase; 12) Wiite parble; 13) Mirror glass; 1b) Fused quarts;

35} Corwdtim circle; 16) Garts clay stale; 17) Cambrian clay®;
)Argilanm 20il.: 19) The bore ainks fnto fragnents of rubber; S

20) The bartng rate can be increased by incressing the velght of the bere.
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erd the nearest tooth of the bit,

?ig., 26, Dim ﬁ oz of the hore molels rar erofucing ring-sloped holes

' vith a ceatyal core.

1- textolite imsulator; 2- cavity 1&%@%&%&@&3@@%@5, 3o omilat of

m@.Mfmmaﬂmmam.mmum,&smsmmasmm;

5- tia of the intefmal rotating elecirode qmg; 6~ cwrreat 1esd to the

| mﬁwleleeﬁmé.@s, 7-Mmsmmmmm&mmmumut
.‘-c&‘ﬁmm,g-mm@mthabu-tmmma@m,m-m

- of the Wt end plece; ll-pm&mlmmmwm

internel rotating electzcie cylindor; 12- bit of o Dorve;

e core formsd in drilling goes into the Intarmal cavity of the cylimler,
ram waich 1% can be rapoved. Waler ls supplied tioomgh S opexing in the bore
slaft,

With the bore of this type, it becames postibdle to cbtain holes of axy dimmeter.

B



For 2 cutting vidth of 50 - 80 mm, no witages greater @502;73:3 required far
the warx of this instrurent.

‘It‘m demonstreted experinzentally thet, with a wlm o 70 =100 %7, 8
copacttante of 0,7 - 1,0 prf, end spark length w to 20 - 255 =, 1t is possible

| ke -
to cdindn oozpletely cut gif holes with s diemster wp to B50 - 590 m.

Ag we hvwe alveady mentlioned, the hordneca of the roch that has po éispificance

vhon holes arve mede In thenm secording to this method.

o investigate {2s possidilities of

ve deslgoed @ dovice with which wo could coniust exverizemta
| eemai: w& porcelain tﬁm, ard gimllay mmm.

sm ﬁe lm:e, 8 mml cu%tﬂ' wae hela aaa.tmt m azﬁw rcte\tiag mm'ts

-r@hvmm ufaspeﬂnlem:imm mmwmmtnem,

bemlmmmm wpm,wmmwmmmam

@«MQ, roum::g its irrmlmtlu in mt!m.

tmﬁ'liﬂxuhr;
 Fig. 27 shows three types of cutters used in the experimests.

'.53;



. " s

s iy
»~

e cubbing wes condurted et & frequency of 100 pulses per sec @ a-c cuwrrent,
¥iih o copecitance of 0,01 - 0,02 1uf end a pover consmotion of mired sbout 100 w,

e eutting effect turped cut to be excessively stromg. AL the start of the
cn’t,ﬂ*mmmde:zts@ml-Smxémmﬁ@mémwm,wlgtw&rén,
stadzpthofsm,memmwzém. After 3 - 5 zin, the quayia rods
g1it exactly along the cutting line. Cersmic and porcelain materials were algo

cut vith this device,

e euiiing vas conducied at a vollage of about 30 kv, which wvas copaldemadly

gremter ihen et rogmired.

- Fig, 28 ahowe a & ‘-qmmmksminﬁmﬂ,mm'3msemm: .

'mmrm-m%apwafr@mm-wsm‘u tae nifdle o2 - with & pover

of 150 w; &l e lover oo - with 8 pover of 100 w. The last two incisions were .

BN

" made to @ depth of 8 - 10 mm, efter whlch the &iscs cplit off alcng the cuts. -
At large pomers (wp msooxf, the spmbm_m two-betore cozpleting

B1f a revoluticm. WWMdmummmm.%hum‘

of this type of "eutting".

mtmmmm«mmammwmmm

cwtting of btlocks of stomas and cutting them out frum guarries or in swdsequent | ‘

Y

finishing.



Tus, 2 simple "electrohyiraulic milling cutter” wos tested for finishing
the surfaces of stone blocks,

The milling cutier 1s formsd by 2 series of spark gops fastened to o otrip of
textollite and commected In gories, These rotate gbove the swxfoce belpg Cinlahid

and a8t the same tize move lorward parallel to the gwxface, The test of the nilling

2!

52

eutter gave satloflosiory repults.

. Fig. 27. Twee types of cubters used for czbting nsm-coabreting
. inwster, | '



F‘ig. 28. Yiew m m uf e :!adﬁim e “fused-quarts .red.

(mwmamm,mwmeMm,m . ‘
mm). ' . -
) 8
31

9. Rlectryirsulic sywayers end pap.
If’ vessels znmuewmma&exmmmmw
mm,mmmmmlmm nmmmuﬁem

otMmuh,amMQe!mmhwmm

muwmmuammmmwmamm
wlifm -



 hydraulie effect to the feoding and atonmizing of fuel in Internal cozbusiion engines,

For the experiments, s device, sn exterual view of which is given in Fig. 29,

was repored,

v “”""e%.‘l.&-&a

Fig. 29, Device for g &l avomising uqms |
1~ electrole Yermiza 3 - textolite inswlstor; 3- clasping vazher; 4~ brushing

Ewﬁmxm&ﬁm;&mmpes?-ﬁ@mmﬁ;&mﬂml
atmim B—tm‘rur’cmuqzm m-ttﬁ:ectthcml, u-stopm:!(;

‘w-memmamtmmmmce.

ﬁmlmmhmmﬁﬁemmmwthnm
mamawnmwwmxmam1m,u¢’
screvwed into a cylinirical steel cesing.

smwmn@gmmm&mmm&mmo_
' l"hochu.'eﬁwe mg&a mm@mmiﬁetqu

&zmquum,ammmﬁaalmmm screved on.
67~



On it, ordinary G,Ee;scl-fneia‘bmizers vere installed and held with a special nut.
the liquid flows under its own presswre through the fumnel into the channel
drilled in the boldy of the cylieder. 'The chemnel had 8 crossesecticn fram 5%% S8m
Ms;;;_i(t‘
asd Emdcgm two turns et & right engle on its path, These turns almest completely

damped the pregawre shock vave fomed Inside the cylinder. In edditicon, the chenmel

wuld be bypessed with a spaclial walve,

A

A weaX polnt in this device was the fastening of the front end of the elecirodes.

After gaversl pulses, the elecw mm b; tmout from tl?c 1@%@ end

wum mw,mm:mmm‘me:aw. | |

‘. Appevemtly the elactrodes m_mg an- i:y the action of shock veves, shich

Mimmml@aMbmme@ ﬂ;;e.emlofﬂgew.
msm the textolite because of thetr m*l;:n; ‘pos.ir.iq!. Am m}e_ o
L e
uu'bh |
Be internal dismster of the cylinder vas 100 mm and its leugth 250 m, Wille
: the vartable volam of the internal auwcdumumtxm.ﬁaoéﬁ1@'u3.
| M:@m&’ummmwmm~mﬁ.._

m.cgu"\ discharge anly 20 ma lang wes produced mm tm_m«, the

. wpoer gmmmmumdz(ngdo). mmum,ﬁnnqm

}afcmeorrwstm.
' =8



I'ig. 30. th:tion ora daisei-mel atmlm &mﬁng utt of the
headoft&entm&serasamultofm wkﬁmgezomlws

 Considering that the pressure developed in the se of the mmmp

a .‘ m"*e °fabout 100 Mﬁcmtotm atmim, 1t mbe Mua ,
e i . e b e e e
A reduction of the sparkd length to 15 m umm.m bresking ,;t“&,‘:j“

spout of the am:e:.‘ A;ein this indicated an excessively high prossare. Gty



vhen a spark 10 - 12 m long wes used d14 the atomizer cease to bresk off, and
the device begen 30 cpercte giably,

Tharough 81l six openings, erch wiih a dismeter of 0.15 m, in the nose of
the aiziizer, +hin sivenss of rﬁﬁel:; stoxized wnler everged vith a _fiequency of

e veve in the foim of ;51!21311 nisty

the oclectrohylraulic shoelks, These siremms
Jets. ZThey repidly expunmled to & diometer of 20 - 100 = end flew redially to
| adiutanceof"oo %00 m fram the spout of ﬂtea‘bcﬁzer(ﬁg.:il)

Hith the atanizer yemoved, s cone-ghaped column of woter mist flew m‘xt‘

through the 10-pm evpming in ﬁxe cotreciing pi;ae' toe height of 5 n. fThe diamoter

afﬁxeaﬁ,:t Jat attained lnatt.ehmc*thew,mﬁthemtotum

‘miﬂﬁinmmmmw%ap

Irtlnlpou:nftheétmuerﬁsmﬁsfinsmhawyaatormanwg.

-I.Snnmmm,msﬁ&mmtatMQWtdlé 2:. m

. ﬂmtaratthhndhmmlﬂpmmthmuotnm

e:ec'belmnmhetoa SQ-.V

Fig. 1. Jets of atonlized liguid emerging from openings :Int‘.’n.poutﬁ

of tte atominer,
«T0=



The erperiments described sbove vere conducted with & voltage of atout 30 v,
s cepacitente 0.2 £, shaping speri gep of 813 cach, ead » frequency of 50 pulses
per nin,

in testing different liguids in the experinenis, ve ddcided to use industrial
valer for almplicily, espscinlly eince 4t 1s eonsideraa mre difficult to niomize

ity 'seccwe of 1ts high surface ﬁemicn,_,_@n benzine, nazut, or prceme>2

o o

%hen the circult vas properly adjusied, no phenonens of gus and vepor
foroation, which vould élstiwh the mrocess o feeding snd etcuizing, were obs;arvu;
m& the valveleas foeding of the u@g mto. the cavity of the Qtom:u s
l;rm the e'aerlmnts \i;i& ve e@mﬁd, it toilnw t_h‘at i 'sm of
r;d&xmanmmm@uwammmmmmmu&wx
. hgsa ot :,io -;-is m,','eaﬁa.ita&u not msung 1;.:, aaﬁ voluga of 20 . 30 Xy '.
ﬁm mm@ is easily ;tmmle uﬁ; m@.wm eonsunutha m |
"mttmhuihoneminm}.mm o
| By prodicing pulees mmmduutmwmumungthuuu
mwuzcmbym unmwmmammm
mﬂnmmmmmmmmmamum, ~
il R

mmmtmmnnnmm w:m«mm«mm 2 ;
-T1-



of operation of the engine,

Znother device walch vas gtudied in & crule molel is the “high-pressure
electrehydraulic pup” (Fig. 32).

A fluid under a small preésm'e i3 fed into & tude, open cm both sides, from
cue end, Along the length of the tude, 8% definite mteﬁﬁs, 5 « 7 or sove
spark gips ere placed., eech of which represents in 2 sense & degree of copressim.

Diacharpges distributed by a ireshler cover the enti§e gzries of sprerk gora

insequmce,aﬁa%@h@rwﬁ&&emﬁmﬂmwm'usm@(

r<tEen, srises st the third or fowrth opark w&ikrm&ia.'

-
- L
N \'\ :

. , '

Pig. 32. Diagrem of a;foui}_h type of highgressare pup.
1« supply of liquid flowing wler mvzm ‘2« {nsulators; 3~ electroien;
3. working cavity of the pogp;. S-mﬁr &Wmm

<
amortho“

Thus, staggered copres” ,ummmmm”o:thmu_

P

the tde, gredwlly r mmdmxmmmuunm

5 e
e

-



rotion in the directiczn toverds the other end of the tbe,
Ifarecéiverismctedtomowemo:ﬁzembe,themmenmit
w11l increese. Simr‘memtawﬁmmm the opposite end hos 8 reverse
'aequenoetmcenmefeemthnam:&m, it Is rapidly dsmped.
Bygamgthemlmwmmmaewk@paeh@emwm
e‘nqckmw will travel more easily towsrde the xmdx receiver thsn in the cpposite
direction (or by using special @ valves), it is msibh to strengthen the effect,
ZTWe ‘(WBSﬁW haﬁngaflszwv wk s, ﬁ%eseqme;r their pulges
M'm;etzéthgmnfamﬁ.. mmmmammmwm
8 m, the s;aarkz-mgez'tas -5@, ot the ysi&@eééahmso . In tais tube,
m'uasmemgg nwvm#m,@mmﬁ ctaar.
m w.ammmmﬁmsmmgxmmmm choved tlat the

. prineiple of the PuEp 18 COTTeCt. . . .. Ll . in e

10. Other devices. '3
‘E3gn the other tested devices, letl us mentim the device for straightening ‘

muw,maumw-mwm:mnu'ﬁén!,nm

~ out through an oval cpening om its froct end, shove two thin electrodes placed ata - -

R T L A

-3~



diztznice of 1.5 o from one another.,
The fyont part of the finger is shown in Fig, 33, Vhen an abresive vheel
is rolnied in G2 Lmodiate £ vicinity of the hend, & layer of liguid is forred

in which the discharge takes place,

Pig. 33 Froot end of the head of the a.m:e for finishing end
| : nmm abresive wheels.
1~ cs3ing ot‘me W_ce; 2- cgaa;lng'ﬂ'tr the outflow ot ?zxe mm uqm;
3t |

Sl T Venerl | o B
| Aa indoction coll with a Zmsedt intervpter was found to be most suitable for

supolying the device. Without tds, 1t vas A1fficalt to dbtain the high frequency
of the pulses vhich i necessary o level a yepidly rotating wheel,
In the experiments, still sncther device was tested, designed to stuly the

stadility of textolite fur use as the mezhreme of au scoustic redistor,

J

. Betwom w0 thick plates of textolite, two laminated electrodes sre placed. -

After iz, the plates are tightly bolted togethar sk and the emtire Meth .'3
“The ' ¢

U ST Y



Fig. ‘32;._ Device for'stm:fin'g the stability of textolite rjar‘m;t .
@ pexbrane of an Qc'omém m@(m'm demantled ford)e
lw. GW; 2-_- rtutoli‘l‘:ie 'piate. » o |
et 1t 08 e of M,
A pactun uf ﬂudeﬁce 1:; amm.lu fom is ehowm 1in Fig. 3.

During the discharges, im protuberences of weter wp to 10 c= shove the e

srfece of the weter vase chserved in the tank,
As @ Tesult of e actiom of 100 electraydreulic shocks fram & spark 20 mm

long, & vhite spot was formed on the surface of the textolite, with & layer of
| Tesin pertially clesred Srom the cloth, The taxtolite &l not m:ntegmtein ﬂd: |

T5-



process,
Experiménta also demonstrated the posaibility of producing inmscriptions on
solid .";@riala by uwsing the electrchydrsulic action of discharges.
Deéﬁte‘ its small power (about 3§), .ma electrorneras tusned out to be &
=2 surficiént .smce of pover for ﬁﬁ.s p;n'pme; anl with a capacitopece of 0;005 mt
1t wes posaivle to make an Iinscription on .a"MI corundu die, %H.th the elottod.
‘«‘iﬁ-’-h"?fh“\ﬁ‘,ﬁ vas possible to cbtedn pixlses every 5 = 10 sec.
The letters of the :mscrﬁ.ptim vere m:le 1:: the fo.ian:’.ne fashicm,. .&a two
‘elactroacs ware Mjmt?ﬂ. io0 me required %«gﬁh ﬁm and me h@m 3 there until
.:_ t!m dlscherge. Each m&m@e pmm la d@t a‘bmxt 0.1 = 0.2 @_in;wl@.' o

I‘-n. the experisenty

-&mml@plwim wmmﬁwm@mmeam
mm mmewszaammmeawmemmormme. mmxm

mmw

-~ external. :mﬂ’a@am, the hﬁmné &ockmm

: @;mutﬁ that»m ahoek woves nw nm m mcﬁeal @pm;ﬁm, n, ror o
_,mm'm | P A
e i i s S A
| roch m ot meterials. Tie data cbtained wed ante 1t pou:lbleto ﬁum-gn

Wﬁ&stmu@eraﬁtoeﬁmt#mdnmﬁmdﬁnamt&m.."

76~



Using & simple device with the 10-15 w epparatus, we conducted experiments
a the zmiz production of holes with a small diameter in solid materials: electroe
corundam, quarts, and others. So Jsr, we knve obtained mvhoim wallervthan 3 m,
@emnm%mm%toz-zm/m:.

With the same spparstive, we eéaily ovtaln gollisidal golviions of metals in

wnter, benzine, ether, anl other liguids,



Chspter IV
PROGPECZIVE (EZ OF THE FIFCTRORYDRAULIC EFFECT

From the date of the studles, it appears possidble to utilize the elactroe
mmmc effeet in Oﬁaﬂ technological applications es well, Here we find 1t
seeepsuyy Yo mention only 2 fow of these possibilities,

Experizents o the ;.vmdmﬁ.m of dischsrges inside plston devices filled
with a nqniﬂremmapmmlmlungfwmm‘odm:&;mmpiatmwm
ewmc shock Taves. | ‘

5!313 @keﬂ it mszble to spesk of the pwsibili#y of using the electrchylvaulic
effect in the construstion & simple, campact m@ bammers for eommmut of |

Oa the .sm; plligcipie, ':l_t_i;a mkibie $c duild m pﬂcméim des:lm m e
. zmmgpermcimm - mn’ stas, crou vars, .hm, m m m m,
| Iuthewa of m-e mumu, it 18 mecessary to wn 1nto aewmm -
need for placing the high-voltage part of the clreut dnside teee instrmarts et
e m.zmgm taatromsatn with & los-voltage palse carreat. |

AM&&!W“”M::H&. 35

| : nemmﬁamtukm.nchium utnooutm'intﬂo.lﬁéam '

w.mlm‘mamnndﬂmnma. mmllmmotmm

-T8-



vepor which can form in edjusiing the zachine is freely elininated through this
channel fram the cavity of the c¢ylinder, -
Incneofthe_pmﬂalg a.esim of this machire, mmmdropﬂm
freely on the cbject unler freatuent apd hold $taelf on this cbject by its ow
welght, producing the required diaforpation by o series of rapldly succeeding rlal;ra.
With_thio type of design, the mmss of the plston must be cmamexﬁbly less
then the mass of the entire zachine, which Yests freely on ths cbjest. |
Ir thég are geveral rectaas:ﬁar .txm in the chennal cormpecting ths c&vity_
- of ﬂ:e cyli.nder ﬁth the temk and with .ﬂ_xe simozrhere, t.be shock w2® wﬂlbe g

carletely daumed and the loas @I‘msis_‘r.;’e _imiﬁe'the cylinder wiil be avolded,

m, :Ln m& amm wemw m&u o

| ‘On the bests of the expe
mtar m 2006 aﬁ arose imme a8 volme of abau?lfvoo @3 it csa e ssgumed
it th totd preeare i 8 Pt viSh 1 e f «*ﬂnm o
o ]thnﬂmsmblﬂ'ﬂnm,ﬁem &emﬁm,mm’
mmuwbypm mulmz(,ﬁﬁsetmm, as mumﬁu
&mtht.mlwpeotforshs. kot ge '
| n;- wwmmmam,@mgm;;1mmn.s_ |

T~



Fig. 35 mm;ncal &lagran of @ pessible design of a farging hamasr,
” mm_; 'a- mowt; 3 electrode; A= lumulntors; 5= ceviy with lquia; |
= dawping mn 7- m fuﬁ ugmg 8- fumeol; Qf ﬁaatilever, 10~ Wi& |

: ;lécﬁ; 11- mtilmm; 12- cmpmion lznkzzla-pntong 1% gylinder; 3

o  1_5-' object undergoing a.efomt;on.

_ Ecmver, or;imryoeala mmm‘dT mhhm req:uixed.inan
cup dcgigna,- Me the denta: given M,qr .’m other, sweh as & m-chnber
mvémmﬁthmagm;mmm-&it&mmm. |

xi.n the experimental data, 1t 1s cbvicws tat the electroipireulic effect

eaube ma in com-mmmg e m'tlce n‘ mtal cbjects. Wikt Vith ‘aur method,

1t appears that 1t will be possidle 2o coM Parden the surfece of imtemal aﬂties;
, .



vhich 13 izpossible to 4o by other methods,

12 the traces of individual bdlows sre broad enough, they will perge vith
one suother and will overlap when the cbject is fed 4o the machine., This w111
w@% the surface of the object szosth,

e use of lavpe pouers makes 1t possidle to speak of the possibility of
cbtaining deep hardened layers.

It is possidle %o barden both flot and spherienld gurfuces, by weing 8 exisling

gianda srd devices equipped with water tanis.!
.S

A sketeh of en instrument for cold hardening extermal c¢ylindriea) swfeces on K

& lathe bench is shown in Fig. 36, ‘he hardening instrusent is fastened in the
bench support, while the cbject being hardemed 1s placed inthe ghock or in the

cenbere, .

Pig. 36. X Theoretical disgrem of a device for em'mmg rount obJacts.
1- electrodes; 2- ingulatore; 3= holder with a focuaing device; A~ cumlating
sthere (cavity filled vith 11quia); 5- cbject wdergoing cold hardentng. .



A disgram of & device for cold hardening inmbermal cavities, such eg the w2lls
ol an engine cylinder , is ¥t ghown in Fig, 37, 7o eliminate harmful stresses
acting on the device in one directicn, tvwo Ty opposite spark gzops, comuscied In

%

series, ave used, These breaklown practically olsu tensounly.

Zach gpark gop 15 located inside a sphericel smumulstive hollow x wicse w2ll
is nt 2 greater distance from iis discharge zone zizxtn than the redius of the

dlsintegration zmae,

- s S——

- = -

ot hamn:ng an :ntu-ml cyumm:n cavity.
1- cw.lt: 11led vith lquid; 2- emluttng gphen. 3- Glectrdu ; b casd

ccﬂheoom-u:dminguvue; s-mmtunmmm

This type of coli-hardening mhcundtcr, :np:ticuhr, axes, nucn,
;mrmn, mmmmmm,uumxm&mm, tiaueauua
dmcﬂm,mm,tﬁoﬁcmh of sachines, badaa, sl zechanises.

-8



. ok
A .
In our experiments, we tested s model of a unique, "saw” - zn immcbile instrument

7

- for cutiiing lineerly through any kird of non-conducting materisl or rock, lede of
_ 4 KT
: : ., 48

a textolite blade, it represents in effect e ¥im "divided"” working spark gap. A

- & agranm of this aavisgiven?n?ig. 38,

'ﬁﬁe zain discharge is broken dows into a series of ghort imdividinl discharges.
Without mm its strenzth of action, it {s more localized in & narrow aﬁr:.p ina
. éim di:recticﬁ.

Thee end electrcdes of the “say” are connected to the elechric clrcuitp.

?.ia;..33. mummmdmwammr&mm
'm-uﬁmtinsnteﬂah.

© ae side view; b- front view, : O,
1 and 4~ electrodes; 2- insulating phtau (tutoutc), 3« intermedinte elecu'oau B
inserted in the insulator; 5- series spark gaps.

8-



s h:
3?’ﬂ g % eeries\swml af taese sm, it wee fmmd poasible to

ripsaw sy length {vhen the individwl saws are fed from the circuit), end to cut

cut sections of trisngular, squave and trap@peide) shapes,

In theory, this method con be used to gsw off objects of any configwration and

section Znto blocks which can be eesily removed and tremsported,

L
The sntier con be supplied in several ways, one of vhich ig Supp

thronzh the cavities in the end electrodes ar through gpecinl boles in the body of

the saw, |

¥him camcullet cevities are formed in moistened soil by povefful discharges

from a sizple chigel-like ée,ﬂce, 1%t is possible to drive in piles amd a.radbet by

: pmm;m.gmﬂwaepeeinltipamlhs’mhsanamﬁn’emthebmorm'

© to sink into the grouwd.

';:ile for_m-electi\@ea-. For the vﬁ‘k?ng pediwm, losal groud and woderground water

- The weight of the plle sud its vibration during the shock weves vill belp it

Tesis with a nodel confirwed the simplidity of this eystem.

In sdditicn to the driving of piles and a raddet, the electrochjdraulic method

,m'uwa:wmnmmwmaoummmmme, or, m the

+

mmry, twmwinmammmm(rmnmn)n&am

rmn be).ul {af course unler the conlition that the soil is sufficiently saturated

- <Bh-



vith water),

In certain cases, electrchydraulic devices can be used as easily regalsted pulse
transnitters of simple design

In a‘mmher of experiments, the possibility of using the effect i davices
performing & rotatlomal or translational motion was demonstrated, Several types
of engines, using b > 'the dlvect action of the clectriyiraulic vaves o i Teaction
o then, cnn be uzed for this purpose. | |

lm@xmﬁta nhwed fm'zt‘ vood plac;d. in the d;sintemtion zone va 8 bLEoken W |
1at6 a;;émte ?ilaments, .lits mo pregents o certain pmcz:zéal interest. |

The exparelasatal date provide a beals for uming the eloctric clveuit fn

" ggtedblishing a 'mvpmcedm of determining the elecirié olrengih apd em@ﬁwity -
of ¥ 1iguid, Vben the action of the pulss slecsrie field et current e ﬁ%"uqma |
1averyabnxt, &eoﬁimrychmges oocminginwm uqmﬁfﬂmmelmtﬂe ﬁem

_ond current and the ramtiag chaa@u in the elsc@ &eg mmmuutya*&-
',m=mmmmm. N |

- mmmmmmmammmmzotnmm,m,wm
plnmd in & liquid, it is pcnible to cboerve an Intensive ulpmienetthnm
into a fine dlsperded suspensica. MeMammtaunumuuy;
2us mrtaod topmmanimvgn;g;opm&mmxomu solution of aifrerent

netals, . .
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If large (3 -~ 5 m) metal filings, costed with gresse, are alloved to float
on the surface of a liquid, 'khe{fg’.iding d1scharges will jump between them, travelling
3 - 5 vines m‘i}ther. Apparently, the discharges do not pass through the nstal
particles, bnt"ru-nder them, since the_ filing; w»atter‘mam iz all directioms Lrom
the path at eacﬁ sli;iing discharge, with ;3»?;1%3:{ and strenzil simllar to that of
an explosion. B . : .

A déischarge produced in the vicinity of an cbject comted with grease or ofl

cleans it off, The oil ie eliminated from the vogetable cells eontaining 1t, while

'gme 18 elinimated from ke anfmal cells conteining 1%, A% the Edus time, the

tiasue c2lls ave deatrbm, zaking the mmmcﬁ of oil more complete.

s meihod of extracting or removing olly substances may preseat some

Cmealwies
| e empeiomtad fae intioste ut £ 0 poredl S0 e e slriedotretis
 eeres 2 aywhees s ez, o0 il 0 et v lgeces

i, i, i i o, i
activity °.". catalyzers, Nmins mtivalent :.lm'-h, brench discharges e , and so
.méiumiw&ﬁeWmchmmum’“m“ 3 ‘
. mac o sitg e 4 ol 1 e L s B gl t0
: loam mubout the nat;:re of 1iquids, and sspecially about the structure and L
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-properties of their swrface layers. This is shown by the form in pature of the-
e%-‘*g“]
discharges, vhicn always depend ‘ou e camposition of the liquid for given conditions

of the ciz'é!.ut.
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